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ibiescription • 

The present invention relates to synthetic peptides to their use as universal carriers for the preparation 
'•: of; immunogenic conjugates and to the use of said conjugates in the development of synthetic vaccines ^ble 
5 to induce protective immunity against different pathogenic agents which is not genjetically restricted^ 6^ 
slightly so. 

XX. The term "hapten" signifies a molecule able to bind to specific antibodies (antigenic). but not to induce 
their formation or to induce it to only a ■ low antibody count (not immunogenic). 

Specifically; haptens include peptide or polysaccharide molecules (thymo-indeperident antigens): is^ 
io .lated and purified from pathogenic agents or short peptides with a sequence corresponding to that of one: or 
more B epitopes of a natural antigen obtained by chemical synthesis or via recombinant DNA; 
XX; The term "antigen" sig^ molecule able to induce the formation of specific antibodies 

(immunogenic) and to react with them (antigenic). 
; : Antigens include natural ^ cells and their soluble products. ; 

J5 : immunisation k: against inf ectidn caused by pathogenic agents {viruses, parasites and bacteria) is 
generally ; obtained by ; inoculating an individual with a vaccine containing; a natural antigen- (i) or antigens 
( 

antibodies able to^ use of said traditional vaccines has ; however numerous: 

;i ; Xdraw^ of the natural antigenic material and; from; the diahger^ 

20 ^possible infection white handling s^ 

* : In additibhi; these vacci and storage (low temperature^ which can ; ; 

X cons^tute an ehormo countries;: ^'^^^</^^^^-..-r'S 

; ■ ; For all \. these; reasons there is currently an increasing interest in the development of synthetic vaccines 
;:; whiiph : contain :n^ 

25 segments of the natural antigen;; which are known as epitopes or determinants or antigenic sites.! X 
^^Hp^m The preparation;; of such a 

■ XX ; '; : " 'X"X to be used; • XkX'' ".; - Vvf ; X:". 'X-'kX-: ; : ': : z X ' " • • ' : - : " ' ' -'XX :: - : ' 

It is: known that an immune response; towards a foreign agent by an organism inyplyes the ;^^c^ 
-::; : :X:;: :;::>;• ;: : of ;:vaHpus:^pes of cells; :rt cells (APC); B: lymphocyte able to; 

•v;* : V;X ; -^<^°n as APC); T-helper;; (or Th) lymphocytes and T-cytotoxic lymphocytes responsible for; directly killing 
X t the ; cells . Infected ; by the ■ pathogen.; - X; 

<;;::>:::;; : ^ humoral (mediated : by the antibodies produced by theXB ; ceils) or; can be; ceiK ;:; 

mediated. X : ■■■X-.-: ■" ■v- V" ■• -\ . 'v^--;--k^ 

3^ rl 06 B ; lymphocytes circulating within the organism of an antigenic determ the; foreign 

v : : ;: Xsub^ 

• ■ substance (T epitope). 

X:-: peptide sequences must be present in the; ;; synthetic - vaccin^;: ^ 

';; Xrequiremeht for its ; effectiveness; nairrte|y the B; epitope ; and the X/ojpitope^/jV-TO 
i X ; : 4©X While ithe identification of the; B epitope or epitopes contained in a natural: ^tigeri; is facilitated ; by the ; ■ 
^^^; ;;;; p 

'; jro X??". 

; ; ; ; In this ;; respe involves ;diriBct:: interaction^ 

"'X jantigen, whereas in the: secx>^^ of the T cell clone specific for ^ epitope of the: antigen X 

45 takes place on|y after this has been interiorized by an APC, prpciesseci • by proteolysis; or denaturation dr;:; ; 
: ;:;; both i^ 

membrane molecule of : the class ^ cell (for the T-heipers) encoded by a gene of the major histocorn- ; 

: X X> ; X 

: -complex formed between its fragment and a part of the class; i) MHQ molecule. X 
6oX X These molecules; are grouped in three families DR, DP arid DQ for man (HLA) and 1A and IE, for the : : 
■"• ■: ■■; ; mouse ■ ;and : aire ' extre'rnely.; rx)lymorphQus. " ■ " . ■ 

the polymorphism is due to a large number of alleles for each of the : encoding genes for this molecule. X; 
XThte tK^ 

It ;is; therefore ; very difficult to fin not linked: by family relatidhship who have an iden^ 

The Tact that -only some bf the peptides deriving \ from the antigen de^radkiph are able to a^bciate » withX 
a : hostThJstocdrnpatibi je antigen mea^s tiiat the gene set of the host, which encodes said antigensX restrict^ 
v the^^^ n peptides ^le to form a with therh; this;: however b^ing ; a^n e^ntial condition if pr|; 
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activation of the Th lymphocytes.^^ ; 

The term "genetic restriction" of the epitopes is therefore used in the sense that said peptide 
: fragments are restricted in their interaction with the T lymphocyte receptor by the proteins with which they 
are associated. • 

5 This is the: basis of the: difficulty of identifying within a natural antigen those T epitope or epitopes with 
absent or minimum genetic restriction and suitable for the development of synthetic acellular vaccines with 
wide effectiveness, ie able to induce protective immunization against 1 the pathogenic agent of interest in 
individuals with different MHC gene sets. 

Up to the present time this difficulty has been very often overcome by using as the source of T 
w epitopes a macromolecuie- also known as a carrier, to which a natural or synthetic peptide or polysaccha- 
ride hapten derived from a; pathogenic agent of interest is covalently bound. Examples of carriers suitable 
for this; purpose are the tetanus toxoid (TT), the diphtheria toxoid (CRM), serum albumin and lamprey ; 
hemc^yanin (KLH) in that they provide the resu conjugate with minimum genetic restriction. Conjugates 
comprising said carriers; i known ato as universal carriers, are able to function as T cell clone activators in 
75 individuals haying very -different ge>he sets. 

In this respect, most of ;the animals ; used for in vivo tests and having ^different gene sjets areable to 
? v act ie they are iresponders. Even though this 

: ■ approach toth^ 

process of; irnmunizatibn:;^ due to the diffieurty of 

20 standardizing ^ alteration of the antigenic properties ipf ; the 

hapten as a result of ^ 

finally the ph^ induced by: the cam 

of ahti^haplen antibody production; ^ 

J;: Immunol carrier, used! is a: ; 

25 protein to which the host has already been exposed, such as the tetanus toxoid used for anti^tetan^ 
. : : - ■ vaccination^ ■ :;: : : : ; : -- " ;\ • • ■■/■ - : : V- , ■ . ... ■ : . v >' . ■ ■ ■* -v : 

In add itibrii the use of short :; peptide sequences as immunogens, even if these comprise both ;a B 
: epitope and a T epitope of the natural antigen, has generally led; to: an immune response which is 
genetically -fnuch ;more; r^rfc^ number of responder ahimais and/or individuals [see 

30 for example AFL Togna et al., J. Immunol.; 137 (1986): 2956-2960; G Del Giudice et a!., J. Immunol. 137, 
; (1986), 2962-2^ 

;f Recently Fairweattier KF. eti al have reported in SF 209281 • published bh 21 ^1 .87 - the cloning of the 
; tetanus toxin gene and: its c amino acid : sequence 

/Cfrag^ 

35 : This European patent application does not however either teach or suggest the T epitope; sequence of 
:.■-: "■>.■ :; : said proiejnV; ; ; : : : :-\;/v^ ' . jf/^;^: "■ ; y> .-- :\{^[y-.\.^:\ :f ;- 

: U. Eisel et al: [EMBO J- 5 (1986), 2495-2502] describe the: complete sequence of the tetanias toxin and : ; 
report the localization of the promotpr of the gene • of said toxin. : 
• Eisel et ah-heifter teach np^sugjgest the sequence of the T epitopes contained in • said protein. Again, 
40 i Fiweather i^irt ■ > al.^|liirfeift".- Irhm , 55, ; (1987) 2541-2^) teach the ; preparation via recombinant DNA of 
^ragj^^ 

tetanus; Said work does not report either the" localization ;bf the T epitopes or their sequence/ The;; object of 

:;:;the 

: :i v : r jpticj^^l^ E^it^o j 0 q ato s h i s vtiiab : : ^ f or ^ cJo volojpi rig : rittioti o i . v aoioi H e« ^ witti )^ ry r E ^ wi cJ o : ; 1 - off ^<xtiVo e== si ricJ : ■ i : 
45 ; protective against different pathogenic agents; ; ! ;: 

;::■;■::. T his : object ; is attained according to ; the present invention by localizing within -the tetanus ; toxin; T .; 
epitopes able to be recognised by : numerous human T cell clones within the context of a wide; range of 
:;■;; alleles|bf:the ;huh>a^ 



50 ; V Thus the ; present invention firstly provides synthetic peptides haying; an amino acid sequence cor- 

; ^^ ; ; :^ 

: /human Th cell : clones 

•• '{ complex. ; : )i. • • •• ; • ;;; : .: : ' • ,;.:•; v:./ • • v;v/ ">: /•>/ - : •V/ :: ;;///::y-.' ' ■ ' : /7/V ///. :; •/'•/ : ;'. ^i-^y\^fV-X^' ; •.- 

: ■ : the present invention still provides the use of said synthetic • peptides as universal carriers iti the 
■ 55 : { preparation of immunoigen conjugates;:,::"-;-;/^ 

/; ^ 

; j covalently : bound 

: ;:-:;;. ■ agent of interest. : ; • ; : ^':^r!''- : -' - ' --^v \ " "v^. :'.:- ; ; :/ ' : - •• : y-K ; ; : { Z. ■/./ :': : :---;: ).^^'^;^-::-^y:C 
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^ the preparation of 

: synthetic vaccines having wide effectiveness and protective against pathogenic agents of interest. 

The present invention also prbv synthetic vaccines for immunizing indM with different MHC 
gene sets' against infections ca by; a pathogenic agent; which contain an immunologically effective 
5 quantity of said immunogenic conjugates. 

Further objects of the present inveh will be apjparent from reading the text and the following 
examples; ; ;.-. 

According to the present invention; the antigenic T sites of the tetanus toxoid (TT) were localized using 
J: celt clones specific ^ f^ isolated from the periphe^ blood of a donor with a DR 3,5 gene 

jo set who; had been immunized with tetanus toxoid as described by Lanzavecchia. A. ( Nature 314, 537, 
*!■ -"" <19te)*.""-j":"--V. 

i|The ;f ;ciohes : ; were . kept under - culture : by . periodical restimulation using irradiated peripheral blood 
^ ; monbhucieate cells (PBMC) which were autologous, ie derived : from the same donor, plus 1% of 

phytohemagglutinin. ■ y 
: r ^; ^ medium (RPMI 1640, 

GIBGO ; Laboratories* Paisley, Scotland) supplemented with 10% of unactivated calf festal; serum, ::2rhM t" 
/ gl^mine; T mM solium; pyruvatei 5 x 1Q~ 5 M 2-mercaptoethanol and 1% of a mixture 100 x of non- : 
^.y^^yr iess^tiallam 

••■••:••;'••; Roche): were added/ The /specificity of these T clones was: then studied by in: vitro proliferation assays using 
20 : as antigens the tetanus toxin, its B fragment (B.fr j a^ C fragment (CJr) obtained from Calbibchem, La 
: Jplla, Ca^ U carboxymethy lated C fragment (RCM^C. .f r): 

■ :: ; : ::...fyi^cally''thiBi proliferation assay was conducted by suspending the T cell clones -in wells 6f a flat • 
; bottomed plate m 

|; • :presenc»lof imm cells (Lanzayecc^ aK cited heretofore) the purpose of 

:t he Bvc^lis;- were immortalized < by known methods with Epstein Barr Virus (EBV) by suspending the; 
^'^■W^M?' PBMC bells in RPMI-c culture medium cohtai 30% of suj^matant of ; th cell line which produces ; ; 

: The cells Were : " fixed a* described byi Shifnon^ev et al , J. Immunoi: 133, 2067 (1984) by 
•• : : :.: ;;;P. : : ''^i\^j^n^^gj ; them in Hank ; culture; medium:; ^iScb;;^ of ; : 

glutaraJdehyde for half a minute. The reaction was blbc^ RPMI, and the cells were recbvered ; 

by cehtrjfijging and repeatedjy wasli^^y^ • v 

; The iwlif eratipn reaction was conducted at 37 J C for 46 houre-i^ 
with 1 ixCi of ^ ^HVthymidine. On termination of the reaction the number of cells incorporating the 
35'- radioactivity was determined by a scintillbgraph. The ; results ■expressed as -mean- count per ; minute (cpm) of 
; ;^ showed that scwe: clones mapp^ jn :the; TT Grfragment, wrvereas; otheir clones mapped in : ;; 

the B-fragmeht. 

In: accordance with the present invention and in order tormqre precisely locaiize those T epitopes: in the: .; 
:':;:•:•: TT; which i ; had been recx»ghised1b^ proliferation i -assays were conduced using ■ 
.'yip antigens different f rag RC(yi-C.fr produced by chemidai mpdificatibh or proteolytic digestion with ; 

[< ; M;,>0:1; £tiyp$ir\] arid it^emotivpsin, wth B cells fixed with ^lutamidehyde as APiC.^- ;.::;:;:: • 

Also used as antigens were peptide fragments;: obtained by 
: • cultivating E. coli cells trs^sformed with a hybrid plasm^^ the: nucleotide sequence encoding for 

- ;•:■:":-: .v^ .. : ; -Said fragments; -.: :; : y- : - W^M^f^'i: -- ' '= • : . '■■ ■■-■■■■^■r ^CV- : ' : : '. : <y '/: V -;-' : f^ :; : 5:- )-:k y:;^} y 'S:,: : -:i: 

' iSp^ifically, the following recombinant peptides were prepared: fet 6 ;TFT fragment 406-7^3); Tet : 1 5 • 
(TT fragment 60^-1315), Jet 3 ^ fragment 744-1315), Tet !> (TT fragment t-^ let 97 (tt fragrnent 

The results obtained enabled thje sequences recognised by the human T :ceil ciories : (t epitopes) in the .;; - 
"^^^^ ; : ^ 830-843, 83^8^ and ; 1273-1 284 ^ : 

so ; : In accordance ;with the eiemen^of ;thie MHG'u^d;-by-^:Clorii9s;^ 

; ; y was then detenrriined by - prqlifer HAR :hombzygpte;:b3 results; ;; ■ 

obtained showed that ;lx>th: clones when in the presence of TT prp^^ they did when in the 

.-.;:;: : ; x : : ;J:.preserice of the B; KK35 celt line APC. • ; ^fy§y : •;;;;;;•'; 'f^ ;; : •: : ; : y-- H^i^ 

Again, in order to deW^ 

. 55 : used as the restriction element by the aforesaid proliferation assays were conducted by adding anti- 

DR, ; -DP- pr-PQ monbc!oria| ; ^tib^ - 

: i > In this manner it was foiirid that only the ahti-DR Mab^ strbrigly inhibited proliferatiori : of said .ci^es/':::--';-;y: : ;; ; ; ;^ 
| ; This indicated ; that they used; the; DE antigen of clasi ; II of the M HQ as restriction element. In accordance j 



5 



to 

that of the T epitopes identified as stated above. 
: ; ;:i I- ; Sp^ificaily • the peptides were synthesized; cbrrespondi ng respectively to the ! "Fir segments 1 273-1 284 
^%Sn<d fBQ^843 and ; 930-844 haying the; following amino acid sequence: : 

5^ ; G 

(here 

• (hereunder indicated; ^ 

Giri^yr-H^ and analogs of the : TT = 2 characterized by 

to: deletions either N-terminai portion; : or of the C-terminal portion, or by substitutions of aminoacid 

; ; residues h^^ 

|:;;v; : ^ 



15 



20 



25 



30 



Glri-T^-I^^ 



Said peptides c^: be sy nmesized in ; solid phasie or in homogeneous phase by operatirig ; in accordance 

•if solid phaseiusirigi;^ 

35^; nam 
fluo^ 

v:. : - [ accordance with the • strategy reported in Exam jDles : 2 and 3. ; : : 

The reactive functional groups in trie side chain of the OTino ac^ 
; • protector groups chosen from i ihose' generally us^i in peptide synthesis! 
40 .'j : Prefe ttf lubroacety I group- (JFA) wias : used for the ;ly^ (Bu*) for: the 

^ tyrd®ine (fy^^ 



;|!he suitably; pr^ 



^:: : Tliie peptide •; was removed from the resin -in accordance with; the invention, using: art aqueous; 

i solution ^ to simultaneously; 

Irembve the jprptector groups of t-butyj type but not the f FA or Mtr.: 

•• This j^^eigy:; ^ to .; be obtaincid in which; ; ther only ! frep ; aminp group: available for its 

; sub^ 
50 : ;. : ^ ; ; ^ 

;".'.:■>:-■ prepEuratiye HPLC jri the usual mariner;/ 
A; measurement 

■ stimulate in the presericie of APC the proliferation; of humanIT eel! clones ^ set of class II 

'•" : -' . H LA molecules: : : •• "r\ ; : : " <: '\ ■•:V : : :: ; : - ■ " W ^ ' ' ; ' ••• - : - : ; '" : " :; : ;; ;: - ■ • ;K • ' \% -AA! A' : • •; - - ;;■ ' 

55 insults showed that said peptides; were; redogni^ed by me drfferent ih T cell clones within the 

iodhtext of numerpuis alleles human major hi^ebmpatibiiity complex; 

^ : :^ 

".: peptide-hiapten immunogeriic con^ 
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10 



15 



20 



25 



30 



|n this ;; inspect they ! com W advantages due; to ^ : the entire tetanus; toxide 

^quence/iei^e;; 

with the advantages re size (no epitope suppression and more effective control of the 

conjugation reactions 

; ; ^mples of haptens which : can be bound to said peptide carriers for the preparation of immunogenic 
conjugates according ; to i ;the present; iny^ peptides or polysaccharides derived from different 

pattiogehic agents such as; meningococci ,; pneumococcj, Haemophi lus ! i nf juenzae, B-hemolytic streptococci 
and Escherichia coli. 

Haptens suitable for the - purpose of the present invention are also those synthetic peptides having the 
sequence corresponding to that of one or more B epitopes of a natural antigen. 

; ; ;; Th present invention and a hapten can be 

effected ysinj^ 

^ Specifically; the conjug agent, as reported for 

example; by; Avr^ (Immunochemistry 6; 53; 1 969). ; 

; According ^ of the present invention the peptides TT#1 and; TTI2 were used as 

universal ; carriers to ^improve the ir^ 

" : ;b - " ' ' x " ' ' 



falciparum i ; which; is itfe 

Said synthetic ■ peptides, having the amino acid sequence H-(Ash-Ala-fe in which h is between 3 
and 40, werei in /fact not able; to induce iah -anti 

(responder mk^ [G Dei; Giudice: et al-^ 2952-2965 (1 986)]. 

S In this respect it was shown that (NANP) n contained within its sequence : one or more X;; epitopes ail 
genetically ! restirjcted by ; the l-A 1 ? allele of the H-2 muring 

BL^ mice: ; '" '."';'- •:?•;' OY.- ••.;;! • 

; S de^ribed in Italian patent application 21 718; 

activated monomer H 

In accordance with the ! present invention the; peptide carrier-(NANP) n conjugates were : prepared by ; 
/reacting thefaldehy^^ 

;;(NANP) n arid with in two 

;! stages; In tfiie first stage ; the ! NANpj n was;, left ; to react in] a phosphate ^ffer ; i(pH ■ 7:4) ) with!: ^ excess! of;; 

glutaraidehyde (OHCGH2CH2 CH 2 CHO) 'under neutrality conditions to give rise to the; formation^ by aldol 

autocpndehsatiori, - of the polymer with aldehyde functions: ; ; ;; 



35 



40 : 



CHO 



CHa - <CHa>a - ; CH= 



;:; : ;l- ; ;\:V' : ;; x'CHO 
<CHa>a - CH = 



C - <CHa) a r CHO 



45 



so 



55 



which; seems to )be : the effective conjugation, agent.'.;; | ; .:;-:-; : : : 
i;p y&n^te^ 



Slhtri^ 

or in dimethylsulprioxide (DMSO) with; a molar excess of the peptide carrier (between 2 5- and 25) with 
respect; to the ; (NANP)n^ 
on the i glutefialdehy^ 

:;-:--!The reaction was conducted at arhbient temperature ;(2f>25 * C) under ; agitation; for! 3 day s; ; to obtain" a 
y ellovyish ! solution ;! : .W^'---^Y- : !••:•: : •• ly^f^.^' ^\; : -V;S •::;•;•' "• 

A reducing substance can be added to said solution,/ such !as NaBH* which by riSducing! the ; Jbonds! 
;!<SchifFs; b^ 

stabilize the bonds present in the conjugate. 

^^:!! ;!;-P the; preserrt invention t^ of safety in 



,,:; The reduction reaction was conducted at ambient temperature for about two hours, on termination of 
which the formed precipitate was solubilized by adjustihg the pH to acid vaiuei ! ; ! 



: : 7.;' 
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The s^ 

conjugate frorr> the excess peptide carrier. 

One of the ; ^ 
in the side ;c^ 
5 According to the present invention r the: protectpr 

the ^ginine of the TT#1:; conjugate vyith a trifluoro-a^ 

(95/5 v/w): solution;; the itrif luoroaeetyl grouj^ of the lysine of the peptide TT#2 being released by treatment 

with a basic aqueous solution. 

The conjugates were then purified by lyophilizatipri ^d chromatography 
w According to the present invention; the i 

the in vitro proliferation ^ peptide carrier in the} p 

■ autologous" B ceil ; lines as ApC; < ' : : 

In addition ai determination; was also made of the capaci^ 
of anti-(NANP) n antibodies in mice who were;! nqnTresponders to (N ANP) n ; x 
75 |: ; The ^ 

the peptide carrier to function as a T epitope and ft^ not altered the structure 

of i said I epitope: : : : • tfj- : ; ypt:f : y : ;;:;••; : • • ;. • ^fp : . .-; • : %y^p: •• • : --/M |: : ;^ 
: In vivo immunization data ; (rnice) also ; showed i the absence of i a gen 
\ : suppression of the carrier. In fact, the mice who were npri-responders to (NANP) n were able to produce a 
■20"¥. higivcoru^htratioa ^ 

As stated heretofore, said peptide carriers sie recognised within the; ambit; of the: very widespread^ 
human restriction element DR, a 
: of trie 

mouse can be Considered valid arid the: results can be extrapbjated for man.; ! 
25 In i cohciusidri , the synthetic: peptide^ according: to thp present invention are suitable ; as;; universal 
friers 

immunity which is not geheticaliy restricted or with only ; slight genetic resm'ctipri against different patho- 

\:r:: x :: genic:agerits: : ';i; : ^ " yp\ : iir^:^4Py£.:. /■K-'-:->:.:-": S/Pi ^h -P . -;? : &o-^#V : :x :-.,.•;:/;. :: :r- 

:^ 

30 843 (TT = 2) and ^0-844 of the TT, and the analogs of the ;tt = 2 peptide. 

Immunogenic ^conjugates:-: according: ;:^ in;;; a; jingle 

: dose or jri: succ^^ jri a:: 

form and in a quantity suitable for inducing a protective im 

: ; The p^ 

35 ; : the conjugate, which are easily administered ; by injectionV ; ; : 

; lf desired, ahradjuvant can be added to said compositions to improve their imrnune response. 
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EXAMPLE 1 : 

Identification of trie T epitopes of tetanus toxin 



JT cbll:;ci6ries of: 
a donor (K^) with a DR 3,5 gene setimmunized with tetanus toxoids Triese clones stabilized by known 
'{45. methods [lirizayeccWa^ W periodic;; rer:; 

r stimulation with iTO with 1% phytohemag^;; 

glutination (Gibco, Paisley ^Scotland). 5 days after the T blast ceils were washed ; and : cultivated ". in RPMI-c 
^: :c^ 

by- heating; ; 2 mM ". : L^lutamihe; -1 ■: m M sodium; pymvate, 5: x 1 0^ M 2^mercaptoethah6l ; and;; ;a.j mixture; of 
so npn-esserrtia| amino acids (1 %) of (Gibco) supplemented by 40 units/ml of recombinant human interleukin 2 
(Hoffman ; La Roche). : . ^^%t-PPy- : p : ' ^- :] \PP' (p.-;S .:W&P(P- : - 'hH ; : 5 
'. ; ;; :;;-; The specificity of said clones was then studied by trie; in vitro proiiferatipn >ssay using ^ antigens 
tetanus tpxjn, its B fragment (9;fr;) and ^fragment (C.fr) of:Calbipchem La; 
carboxyjated i C ; fragment 

55 phoisphate buffer saline (PBS) pH 7.6 and 8 M urea and treated wi^ :20 mM dithiothreitol at 37 C for 30 
- ■ minutes.- : • ; . :; ■ ; , ; v ' ; ; ' f;P; :■' ':', .;■ : . - - ; .; ' ; "■ ,!;; : V : ;;■'"- ' : • ; . " - : ' : - ■ . P. - ■ V - v ; . . : v \P . . : . -y- \ ■ 
v The reduced: if ra^meMw 
: : in the dark arid then was dialysed extensively against water. 
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The proliferation assay was then conduct^: by seeding 

■ ; (Cluster Cambridge I T ; : : 

cell : clones in 0.1 ml of RPMI-c culture m in the presence- ^ said :^tigens ahd: 2 x 10* EBV-B cells 
(autologous :B;lym^ 
5 The proliferation reaction Was condbc^ 
adding 1 uCi of methyl-p 
After about 20 hb^ 

The results expressed as the mean count per minute (cpm) of a double cultures showed that two- T cell 
clones (KT4 and KT30) mapped in the TT C-fragment. whereas the>KT2; clone mapped in the B-fragment. ; 
10 A procedure was then carried ^ which had been; 

■ recognised by said clones;}: <■ 
Proliferation assays Were th 
length fragments of : RCM-t.fr produced • by enzymatic digestion wi^ ; t^psin and • chemo^iry psin (Sigma; St. 
'. . Louis; MO) or by chemical mod 
15 : In practice the eriz^ 

containing Ca 2 ; 1 * ions and the ;ehzy mey ^ ratio of between! 1 -1 ■ 

: : Sand 20:t and separating the ; ^ y. : :-^ .'^ 

The chemical treatment was conduct 
':, Biochem.Biophys. Acta/ 221 /4B9. ; 
20 Peptide fragments obtained; via • recombinant DNA by known i; Methods, ; by cultivating E r coii ceils ; 
:: ■ engineered by known methods were also used.' . ';;; 

Specifically, the following recombinant peptides were prepared and : usee!; jet 6 (TT fragment 406^743), 
Tet 15 (TT fragment 604-1 31 5), :Tet 3 (TT fragment 744-1315); TeL ^ and Jet 97 (TT 

■ ■ . . .. fragment 1 -535).- 

•25 The results which have b^n obtained have made it r^ssible to identify, in the C fragment of the TT, / 
the regions 1 273-1 284, 830-843 : and: 830^844; correspbhding : to the T epitopes having the following 
■ . : : : ■ ■: ■ aminoacid - sequences: "' . ; ; ■; yy ' •;• ; \ ' {yy ; : -y '\ --y^} : -: '. V " : & ; yV : '\ .';> - 

• Gly-Glh-lle-Giy^Asn-Asp-l^ 

/•'.;•'.-'•:::' ; ^ ^ ^ ^yWc 'J:MF : ' ' ' v :• ^0M^' • y;-£:l\:M- v ^ ^:--}^:^' 

\ 3D : Gln-Tyr-lle-Lys 

■ (hereunder indicated TT = 2); • 

'■ Gl nrTy Mle-Lys-A^ \ : ?5 
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EXAMPLE 2 : :•;• 

Synthesis of the peptide TT#1: 



the peptide TT#1 was • synthesized in the solid phase with a Beckman 99 B automatic synthesizer using ;; 
: a commercial poiyacrylarhide i resin (PepSyn, Cambridge research BipchernicaJs) ; functiorialized^ with nor- ; 
40 : leucine as internal reference am^^ peptide-resin 
y ■ connection handle. '"■ :: . .; : / :' /- • }- : ' y y^ ■ • :■ : : <;- ; it WK^r Q t : '. : t- ; ' • ' ■ 

: ■: 1 g of said tesin with a; fuhctionalization |n 32 ml of N,N- 

dimethylforrnimide (DMf^iovernigrrt a^ 
ttimes {\ minute each ■time) - i y )h ^yl<i W-W^ :: ; V-F ^f---: ^/iS -t ^: ; mrt^^MSf: ■ - tM^^W ■■■■^ 
i :i45 Trie first i amino acid : \ residue ; ( protected at; : the V a!pha-amiho;;;g Iprotector ; group : 

fluorenyimetho>^caVb^ the rj^in BySSj^i amino 

: •••;.:;>:Vreactipn;:- : - ; . -;y ;\ : tv^'. '^Vyy-.^^f: ; : i : y ^• ;; : : : • : . . . "y ; : 7y :yy). W'^.. : '-^ •'•]. -:yS : - . • • ■ ?/:• " v ' : .: : ,:- .y.- : 
•>; •.:;•":: ;v fn practice, il ;2^ g :<1.$: m 

presence of a022:g (6:i^ 
5d ■ i methylmor^^ (NMM) at; ambient temperature for 3 minutest 

On termination of the esterification reaction, the resin was ; Washed 5 times (1 minute each time) with 
: DMF, twice with a piperidine/DMF solution (2/8 y/y) for 3 and 7 minirtes tp jremove the Fmpc protector 
group and finally 1 0 times with DMF (1 minute each time). 

The other amino acids; were then introduced by acyiation of the amino acid activated at the carboxyl ; 
; ' w": group and protectee! at the alpha-amiho; group; ^ the growir^ peptide ; 

^^^: ^ prcitectedire 
'y aspartic acid lantf^ ■ 
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15 



The stated washing and Fmoc removal ope 
the next. . .• ; . •' • V:' : /^J^}^ >>.v|.;. 

The acylation reaction was conducted at ambient temr^rature fo^ 

All the amino acid residues with the exception of th^ 
introduced using the corresponding symmetric 

For Gin and Asn, p-nitrophenol ester (1 .8 mmoles) and the pehtaf lu ester (1 .8 mmoles) of the 

amino acid were used in: the jpresence of 0-244 ! g : (1>8:: m 
respectively.. 

The symmetrical anhydride of the suitably protected amino: acids :w the 
acylation reaction, by reacting 3.6 mmoles of 

carbodiimide (DCCi) in 2ml of methylene chloride at ambient tern 1 0 mihute>, ; VV 

On termination of the reaction, the dicyelohexy iurea 
solvent evaporated and the symmetrical anhydride obtained was recovered. ■ 

For each acylation reaction, the completion of the reaction wai che^ 
et al.i Anal. Biochemi, 34 (198 ), 595] and the trinitrobehzosulphonic acid test [W;& Hancock ^ et alii Anal; 
Biochem.. 71, (1976), 261]. / ]'*■■ y^^^W^r : ^ : : : 1 ^ :: - 

The samples, ; taken after 3 minutes of reaction, gave positive results^ : > 

Oh: amino acid analysjs, the resih-peptide gave trie following results:. :; :':; ; : 



20 



. Olu :. ; Pro ■ .;• Glyv y; %lie[:'--f)0 Le^;-:^->. 0Jjhlw;::^s^^ 
4. 00 : 0; 98<1> 6; 9(1) 2:W^i^i^0^§ tv WXl) 1; lPl : 1.35;<l*: 



25: 
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The theoretical values are shown in parentheses. : ;,:. 

A part of the peptide TT#1 was preserved to:j 
TTV?1, whereas the 

, trifluoroacetic acid', solution (TFA/hb 6 = 90/1 , v/wj. . 
v Said solution removes ;t^ 
phonyl group. - 

this strategy enabled the peptide to be obtained in ^hich the;!' only amino 1 : :groiJp;; useful for its 
conjugation with a hapten is the terminal glycine group. 

" ■ The^i chromatographic^ HFH.C. 

- In practice a cblumn of dimensions; 24 x 0.2 cm was used filled with Rp-1 8 ; silica : (25-4 urn) (ICN 

BIOMEDICALS, Weit Germany); using ah iaquepUs • 0 soiutlSh cohtaWngf29^ 

v; •: Various chromatpgraph runs:: were carried out: varyinji} > tSptti : the; quahtrty of feed Peptide: arid :the : : 
percentage of acrylonitrile inthe; elujsnt in an attempt to optimize the pure prpduce: yield; ;•: '■{■. 
■;;: The following table I shpws the yields obtained- as 



TABLE I 





Preparation 
No. ' ; 


: % Acetohitrile 


; vFeed (mg^ 


•purified 


i^eld; ; %;: : 






29 •/ : -V: 


.. : 25:^;-.- 




; :' :: ;-;;i29i-:; : '-.:> 




. 2/": : 


■ ■•27A 


;/; : >x25:'- : ':v::.' 


: :::9.67:;J'.,::;::, 


■'•'■■; ! A39i>.v; 




'• ; -3 - •;.; : :,;- 


"'V.:' : .27- ; -.:,: : V : - : -' 


■' : ; : i2.5---:'v : -; : 


: ;:l;, >•;;;: V>'- ; 4.28 


: '-''34; : 3: : :' ; - : 


]5o^:^-. .;•:••. v:. : :: :: ; : - ; 


' :4-l . : 




:,::25'.v-;-:-. 


'i^-M 9^34 ['W'k 


::-;v; : -37::f;v : 




• 5 . . V 


27 x; ••"">:' 


.../.-''SO---- • --,/ 


'::;V;: 183(M 


"f:. 37'. ; :v : 
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example 3 • • '-^V: • v ifi'P'- ■ 'p^0W : ^ : -^' ■ 

V :■; Synthesis of the peptide TT#2 • 

5 The peptide sythesis was conducted in accordance with ^e : 
Example 2 using the flow variant of the same method ^ 
Bryland and R.C. Sheppard, ibid. 859-876]. • 

: Esterification of the first amino acid residue (Glu) at the polymer.: s 
asymmetric anhydride of the protected amino acid [Fmoc-Glu (OBufJfc O in: the presence of the catalyst 4-N • 
70 W -dimethylaminopyridine (0.1 mmpJes, 0.012 g) and N-methy Imorpholine (1 mmole, 1 1 0 Ul). 
: Said anhydride was obtained by reacting Fmoc^Glu (OBu 1 )^ 

0.206 g). . •" ' " : %7. " ^ \ ■ ^! l 

; ■ The ; reaction was conducted on 3 g : of the- commercial i res^ Sweden) 
dissolved in 3 ml of DMF, at ambient temperature for 0.5 hours. 
75 The f unctionalization was 80%. ' 
: : The resin! was then washed with DM 



The synthesis strategy was that described in the cited works.: : 
: The protector groups used for the; amino acid ;: side-chain functions were (TFA); for the: 

^ - lysine (Lys), tertTbutyl ether (Bu^ for Ser. thr and Tyr, and; : :tert-butyl ester (OBu 1 ); for Glu. The reversible 
Connection handle was 4-hydroxymemylpherioxyacetate^ 

The peptide was released from the resin by treatment w^ 

This ^ 

■: : 25>: lysine residues ; intact. The: resuttant peptide thus 

■ amino residue^ . - - ■ \ ■ ■ ' - : - : :";;:■-' - ■ . : ■';. ' .-;.; " : ; : : : ^ k.; : -' •/ • : ' &\ -7, ; : ; -;" < ; " : - ■ 

• : -;'x:; ; :The peptide was then purified by -gel filtration using ^djmethylsiilprt 
; / 2.6 cnv column packed with Sephadex G-iO "resin and eluted at a throughput of 36 mi/hour. ;•:/' 
The fractions corresponding to the material eluted at the ^ 
30; and lyophilized. ' ""• ..• -V ; : : ;: ;: : :..': ; ;: : : PM''\ ; Wr: P^Wy-' : ^f-:\ ^7' 

The amino acid analysis of the purified peptide gave the following result; (theoretical values in 
;:. :• parentheses). -; ! ■ ■• ■ ■'; -:v ; - : - -' -.;;::;:-/:' iVj ; - V ", ^p^'HW^: 1 .;| : : :: '' • 7^ : 7.;M^W7w-< .-. C : -y7 
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: :: 'Asp : ..' •- • '••thr:':;; := Ser . ; Glii : : :■;;:;•;; • . ..Qty^^^M*' ' " 

- ;.;y^ ::: .IJ;e : - -..Tyr;;', ••;'/ ..' : ;;;';.Pba;.. ;Lys. ;: -:i. : ' :: 

. ' ■ : • • • ' 2 . ' a t <3 >. • : - • • 1 . bb < 1 > - ; • • '6d< i > : ;^ ' ^r;;;; • " • ; 

EXAMPLE 4 ; ' ' ;' 

Synthesis of the 830^^ peptide; • 



:.; 

i tfe (Leu) at the Poiymeric substrate has^be^hVi^ec^id::-^::: 

so :: employing^ t^ the protected aminpacid (Fmpc-Leufe O; i 

; The arriirioacid analysis of -the purified : ; ^ values in 

v / parentheses): • • ■ 



55 



.•1 : 1.;-; 
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Asp ■ Thr . Ser . ' Glu ' Gly ■ Ala :;v : >:::;Ile /'; ; ;K :•;!'.•/ 
1.06(1) 1.03(1) 6 •98(1) 1.80(2) 0.95(1) 1.08(1) x&filfefc ;r 

Tyr Phe Lys Leu. 

1.00(1) 1.00(1) 2.32(2) 0.95(1). 



EXAMPLES;,.,; 

Isolation of T-cellular clones which are specific for the TT = 2 peptide;. ; 

Mononucleated cells of peripheral blood (PBMC) isolated from differed 
had been immunized with the tetanus toxoid, have been cultured at a concentration of 7: x 1(£ in 200;ii( of 
RPMI-HS culturing medium (RPMI = RPMI 1640 supplemented by 2m M of glutamfrie, 1 % of non-essential 
aminpacids; 1% of sodium ; pyruvate; 50 ug/ml of kanamicin ; (Row/ Irvine, $ 

(Swiss red Cross, berne));in the presence (10 uM) or in the absence of the ; TT = i2 peptide : in microplates . 
havjng 96 planar-bottomed wells, 6 days after there have ; been s addled in each well 30' ' Units/ml of 
lnterleuchin^2 (IL-2) (Hoffmann L^ Roche, Nutley, N.J.), and, sifter 4 iaddrtional days, trie cultures ; have ben ^Q\-%^: 
examined to detect the possible cellular proliferation. The positive cultures have then been exp<ahded in the ; : ; : ; 
same culturing medium which had; been supplemented by IL-2 arid test^; for their ability to r^ognize i; 
TT = 2 ; peptide;;: A portion -; of said T cells : have been: tr^ having^ -96 ; planar- ; : | > 

bottonied wells, thrice washed arid slurried again in 200 ul of R PMI cultuririig rii supplemented by the- 
10% of calf foetal serum (FCS) (Gibcp, Paisley , Scotland) in the presence (20 UM) or in the absence of the 
. TT - 2 peptide!!- Inasmuch; as the activated human T<eiis (^press^ II cta^ss, they are ckpafile; ; 

of presenting the peptide the one to the other, the result being: ^ visible agglutination after 6 hours ai 37 ^C. ^ 
The: positive cultures have b^en cloned by limiting dilytiori ^d! the clones which; are specific for the jTT == 2;; 
peptide 'i hiave b^en isolated; ^d; riiai ritained [ in culture! by ^riodic^ irradi^d : at^en^ 

PBMC and ■ phytohaemoaggtutinin (1%) (Gibbo), as described by; Lahzavecchia et aL, (1988);f Nature 334, 

A single specif ic ; clone only was stored for each positive culture. 

As reported in Table II, the clones which are specific for TT = 2 were easily isolatecj from all the donors, ■^yy)/-y/-\\_/>r\.:\ 
irrespective of their PR type. The - approximate occurrence of ; the cells which were ^specific ); for : the TT : = 2 r 
was comprised between 1 in 3 x : ib^ and 1; in 3 x 10^^ ; and !; represe^0d but : |ri e i; 5%; ^jr i less i ; ;of 
cells which were specific for the Tetanus Toxoid (TT). 
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TABLE II 



T-cell response to TT f 2 



Donors (DR) 
(a) 


Isolated clones 


Restriction (b) 


KK(3,5) 


1 


' : . "- DR5 ' , 


GC(5) 


21 . • 


DR5 :. . 


GAR(1,5) 


3 


... DR5 : ■ 


PP(2,6) 


3 


DR? 


re/1 Q\ 




.... ur\ i 


DP(1,4) 




DR4 • 


SP(7) 


.' ' . -. ; ••••:3-;-.' / : -y: 


■" DR7 • 


GU(3,7) 


... 6 . •. 


DR7 ; 


BDM<5) 


; . . -9 : : " 


DR5 


ks(4) : ;. : 


•;: • 6;:.V ' ' ' 


DRw4(4j 


ZU(3,4) 


'.' • '• r"' ; - : ?.'' • : : :; .:.9 / ;. ' v v: ; 


' DR3/DRw52b 


al(6) 


• : , , - : ; ■'" ' ; :;-3.: ' ' \ Z':. 


DFWDR; • 


BR(4) 


..: .' ..' 4'- '. 'y > ' \ 


DRw4(4)/DR 


MG(2,9): 


■' - .. '/ . - 7 ; . ' :r 


DR9/DR 


: GM(1,2) 


r " 6 • : ; ;V : ;--r- : -;:\; ; ,l;/:/ 


DR1/DR 



10 



15 



25 



\where: :V . .. ;i : ,V • ;.?■:.-/'"■•":;; : ; ". ,y'. , . 

(a) = PBMC from different DR-typize^d donors; 

(b) = indicates allithe ll^jass alleles of the claiss^M 
one T-cellular clone. . ' . . 
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i All of the ; isolated clones l p 



These results show that TT= 2 is universally recognized after immunization : with .Tl}:, and that ; it is 
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Example 6 

Characterization of it^ 

A) Determination of the restriction patte^^ 

In order to determine the isotype of the il-class molecules which have been recoghized by every T- 
cellular clone r mere have been; c 
v;obtained fr^ the 

monoclonal antibodies, and anti-DQ ; mohdclonal antibodies; ; 
In actual prartibe; 

limiting concentrator culture 
supernatant)^ anti-DP and anti-DQ antibodies, both as 1 :i000 ascytes. 

The results show that the clones ^ are: -^restricted ■ DRsi ; since pnly:^ 

ahtibckiiesjinhibrt^ 

tested for its capacity of proliferating in response to a group of allogenic EPBV-B HLA horhozygote cells 
; (used ; as APG); which haveiii^h; pulsate 

times and irradiatelci^ > y\/.yT ^-^y)%:'- 

The results show that a: 
include DR1%4 x 4, 5J^ lll>^ r 
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: The dbse^response plot as determined ifor each clone, shows that ^1 the clones react in the field of very 
55 ; low concentrations of the petptide (0.1-2 uM) (T^bie j|i);This fact is: an; evidence that a^irthe, ^oiies; possess 1 . ; -:;t 

: : the same high affinity; arid tt^ 
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: Quite surprisingly, it: has been ascertained that a few : clones (defined: as^ 
TT - 2 in association with a single DR allele, whereas other clones recognize in association with two or more 
alleles. Examples are the clone GM2.1 1 1 which recognizes TT = 2 in association with DR1 , 2, 4w4 and 7, ; 
and the clone AL4-1 ; which recognizes 1T = 2 in association with! DRW 

B) Identification of the minimum antigenic sequence recognized by, the T-cells 

In order to identify a minimum antigenic sequence in the interior of the ^ peptide, proliferation tests 
have been carried out by exploiting a series of TT = 2 deletion fragments devoid: of the N-terminai, or the O 
to terminal region. . 

:More^ 

had been substituted. The proliferation results whi by exploiting as APG different T- < 

cellular clones show that TT - 2 contains a single 831-842 epi^ context of 

each of the assayed molecules (from DR1 to 9^ 52a and 52fiy ^ deletion peptides and 

. 15 those -which contain the substituted aminoacid residue haveia similar effect on the recognization by different ,* ■ 
i T^cellular clones (Table IV). 
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■ : ;;v^^^ 

j;: ■ ^ 

5 The peptide TT#1: pro^ group with the Mtr group and obtained as 

described in Example 2 was used in the; synthesis of the following conjugates: 
; : 1) (Asn-Ala-Asn-Pr^ 
2)(As^^ 

The polymers (NANP) 4 o and: (NANPfeo were obtained by polymerizing the activated monomer Hcl.H- 
w AsnAlaAsnPro-OCPP in the presence:: of triethylamine as basic initiator as described in Italian patent 
: application 21718 A/85. 



a) Synthesis of (NANP)*o-TT#1 

{ ;:' y5- : - - ; 40 mg of (NANP)4o dissolved in 2 5 ml of phosphate buffer solution of pH 7.44 were transferred to a 

.-: reactor of 3 ml lin volume^ ;contain^ : ; 

" Corresponding to a 1 00 ti mes excess oyer the (NANPKo - • . 

■• ;: : v The reaction; mixture Was kepi under gentle stirring at ambient temperis^ture overnight • 

The solution was then chrbmatographed in an 85 x 2.5 cm column with Sephadex G-25 filling, eluting ; • 
■ 26 with 0.1 M acetic acid, i 

The fractions corresppn^i to the jDeak which elutes; with empty volume of the column correspond- ■ 
ing to (NANP)4o bound to the glutaraldehyde were thein collected and iyophilized. 

2.5 ml of phosphate buffer (prt 7:4) containing ; the; (NAN P)* 0 -glutaratdehyde; were added to a 3 ml : 
reactor containing 9.67 mg (6.32; mmoies) of TT#1 . The molar excess bf TT#1 over the (NANP)io- 
25 : glutaraldehyde: was ^ 

The yellow solution obtained was left stirring for 3 days. On termination of the : reaction 25 tig of NaBHU 
reducer were added. The resultant solution \ was stirred for a further two hours to obtain ; a suspended:: ' ; ; 

This precipitate was dissplved by adjusting^ P H to about 4.0 by adding t M acetic acid, --^y. 
^ 30 '•;••: The solution was tfien J piirifiiBd ;; : by gel ttltiratibn 1 on Sephadex G-25 eluting with 0:1 M ; acetic acid to ; ; : W 
:-: :: separate the formed cpnju^ 

The conjugation reaction yield; ^ 
■ T^ 

: was then removed by. treating the : conjugate with 5 mi of TFA/phenbl (95/5 , v/w) f or ;5 hours. : 
/ 55 The solution wa^ vacuum arid the residue obtained was dissolved in 5m^:^:^;; ; ^ ■ ; : : 

of HfeO, transferred to a 25 mi separator funnel and extracted twice with ethyl ether:; 
;':.' The ether phase was re-extracted with water and the recovered aqueous phases were ^lech; and: 



40 I b) - Synthesis of (NANP^-T^^; ;; : 

• " :: Tne procedure for preparing ^ that of point a) but using; in the 

•:-! : ' conjugate 'reaction' yield:. : : • : • 

: ,45 :" :: f : , Amirioliacidianalysis shb^ yield : to ! bMoi ;32% 



- EXAMPLE 8 / 



Synthesis of the conjugate <NANP)2 0 -TT#2 

; the procedure was the same as; that used for the conjugate (N AN P)2o-TT^1, using as conjugate ^ 

1^: re 

•Vfepf TT#2 and 52 mg of (NANPfcp-glutaraldehyde;^ mp, of NaBHv were also used, i 

.; 6n termination of fte conjugation^ r^ was chromatography column ; (80; I 

55 : x 2.6 cm) of 

The fractibns cbrrespq 

■ .;• • : lyophilized- : >,;,V:- v -. ':■}. ■ . • [■ '■ •.; - , O'w ■ ..-li- : : ^:yjy: l :f : : y^ ;;:••: ; : .- : • •; , 
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The lyophilate was then treated with 25 ml of 1 /rh aqueous pi^ridine solution at ambi^ temperature 
for 2 hours. 

The solution obtained was then neutralized to pH 4 with dilute acetic acid and then again fed to the 
Sephadex G-25 co^ 

5- \ ; Ttie fra^ collected and lyophilized. 

Amino acid analysis of the (NANP)2o-TT#2 conjugate indicates a conjugation yield of 75%. 

EXAMPLE 9 ; 

16 Vse of the conjugate (NAN Pfcb -TT#2 for the in vivo; production of anti-N ANP antibodies 
The experiment was carried out using 3 strains of mice: 

75 i /The object of the experiment is to show that if the TT =2 peptide is covalently bonded to (NANP^b is 
: -able to increase the number of strainis of mice able to; respond to the antigen NANP. ; 

(GFA) were injected at the base of the tail of said mice. 

After 3 weeks, in the above manner 25 ixg of conjugate emulsified: in 25 ul of incomplete Freund's 



55 



The sera were then tested: in an ; immunoerizym assay using (NANP)4 0 as antigen as 

;d et a!., J> Clih^i Microbiol:, 2|: (19^ 

Figure 1, in which: the vertical axis represents Optical density and the horizontal axis represents the 
25 ; serum dilutions, shows; that both the C57 8L/6 mice and the CpA/ca : mice produced high anti-NANP 
f\ antib^y counts; w^ the : DRA/2 mice were still; r^^ conjugate. 

^y^B^ -M '.'<.] X, . ,vi '</; .'X> " : - : /' : :,-v : ':- : :P-H:X.. ]\.: 

30 In vitro proliferation of human T lymphocytes using the conjugates 

10- ^ 96-weH polystyrene plate ; (Cluister, Cambridge^ the proliferatipn> assay 

Each well was seeded with 2 x 1 0 4 human T lymphocytes specific f or TT#1 in Oil ml of RPMI-c culture 
; medium consisting of RPMI growth medium (Qibcb, Paisley, 6cotland)fed with icalf foetal serum (10%) 

; 35 ; m 

• mixture of hon^s^tialiaminb adcfe (1 : %):pf Gibco. -'t"" : '---0''-^- : v 

: ■ The T cells were incubated at 37 # C for 3 days in a 5% CO2 atmosphere in the presence of different ; 

;;:;c^ the ; two ^ 

f|:jfrahsf6rmed with- the Epstein Barr virus :treate^ mitomycin;^ described by ; Lahzavecchia 

4o:;v (1985) as. previously cited. - ; 

■ The; purpose of the - EBV B cells istb present the antigens and Simulate: the ; proliferation of the T clones 
:;•• - specific for ti^ '-^X'-- 0 - ^100. 00 -0: ; : . : 0 '00 : 0- V:/1 0w : 0 :: : ." 'X :■ : ^ -0^y 

On the second- day: all the cultures were pulsed^^ with 1 iiOi of ^H) thymidine for 1 ^1 8 hours. : ; 
: / : ;/:;v'; : ' : .:';.6h termination of said period the cells were collected on; glass fibre filters by means of a cell collector. ; 
•45 (Ska^n, IJeri Norw^y)^ . Z00'-- . ^ - : 

the radioactivity incorporated in said cells was then deteirmined by a scintillbgraph in terms of the 
.r count ' of cells' showing • radioactivity / 

The results of : the prplif eratibn assay are presented as the mean of the counts ; per minute (cpm) of -a-; 
double culture plus standard deviation {Figure 2). 
50 : The incorporated ^ the ratib: 



'"0Zr -cpii^pif saaa cultures',^ 
increases specifically as the antigen concentration increases • 
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; i Operating In this^ presence of 

^the (NANP)Vo-tT#1 and (NANP)2o-TT#1 conjugates, showing that conjugation with the B epitope of the CSP 
protein (NANP),; had not abolished the^c^^ 

v ; 5 Claims • •.: . ■ ' ■ :-. • v- ■ ' 

: Claims for the following 

different molecules of the human Major histocompatibility Complex, having the following arninbacid 
70 sequence: 

H-Gly^lu-Ile^ly-Asn-Asp-Prp 

15 ;< /. H 

- - / . 

v : H^lnffyV~Il ; . 

30 'V :: H^ln-Tyr-Ile^^ 



2. An immunogenic conjugate consisting; of a synthetic peptide carrier cbvalently bound to a natural or 
35 : synthetic peptide or polysaccharide hapten derived from a pathogenic agent of interest, wherein said 
pbptide carrier has the amino add seb-uence: 



40 
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. H^ly^iu-Ile^ly-Asn-Asp-^ lefLeu-OH; ■] • - 

H^iii-Tyr-I le-Ly sr Ala-A^ ; 
H^Jln-Tyr-i 1 e-Ly s-Ala-Asn*Ser-Ly s-Phe-I l€^ly-ILe-Thr-Oi u-Leu-OH ; 
H-Ly$-Ala-Asn^ 

H^ln-Tyr^ ; : : 

H^ln^Tyr-I le-Ly s-Ala-Ash-Ser-Ly s^Phe-1 1 e^iy-ILerbH ; 

H^lh-AIa-IIe T Ly 

H^Gln-Phe-Ile-Lys^ 

HrGlh-Tyr-Ile^^ 

H^in-Tyr-Iie^Iu^ 

H^ln-Ty rr-1 1 e^Lys-Aia-Ala^Ser-Ly ; 
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TO 
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50 



immunogenic conjuigate as claimed in claim 2, wherein the hapten is derived from viruses or?. 
'■■i-yi bacteria. ; •• " '. >: : ; ./ 

4; : An .: immunogenic; conjug^e ^ hapten is a polysaccharide molecule; 

derived from pneumococci, meningococci, i Haemophilus influenzae; Escherichia coli, and - hemolytic 
.. streptococci. 

5. An immunogenic conjugate as claimed in claim 2, wherein the hapten is a synthetic peptide of 
sequence: 

Hr(Asn-Ala-Asn-Pro) n -OH 

where n is between 3 ari d 40\ 

75 6. Immunpgenic cbnjugate -dairhed in claim 2, useful for preparing synthetic vacci a 
protective antibody response towards a pathogenic agent of interest which isi not genetically restri^^ 
or is only slightly geneticaliy restricted. : 

7. Immunogenic conjugate claimed in claim 5; useful for preparing an antirrialaria vaccine able to induce a 
?o protective antibody response towards infections caused by Plasmodium falciparum which is not 
genetically restricted or? is only slightly geneticaliy restricted. .-; . ■■■ -v : ; / -■■ .-. 

• 8. A synthetic vaccine able to induce a prot^^ man towards a pathogenic agent 

which is not genetically restricted or is only slightly genetically restricted, comprising (a) an im- 
25 munologicaily effective : ; quantity of the conjugate claimed in claim 2, s^d > (b) a physiologically 
acceptable mediums and (cj possibly an adjuvant. 

9. A : synthetic antimalaria vaccine able to induce a protective ; antibody response in man towards 
Plasmodium falciparum/ which is not geneticaliy restricted or is only siightly genetically restricted, 
30 comprising an immunologically effective quantity of the conjugate claimed in claim 5. ' 

Claims for the following Contracting States : ES, GR 

1. Process for preparing synthetic peptides capable of inducing the proliferation of human Th !y m- 

35^^^^^^^^^^^;^? 1^ having 
A - the following amino acid sequence: -;V-: 
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H^ly^Iu-Ile-iiG^ 

HHnn-Tyr-ile^L^^ f 
HHiln-Tyr^ : 

H^lri-tyr*lie^Lys-AIa-Asri^ 
H^ln^yr-Ile-Lys-Ala-Asn^ 

H^Gln^Ala-Xle-iy^ | 
H^ln-Phe-Ii^ 

H^lh-Tyr-Iie-Lys-^L a-Asn-SerrGiiu-Phe-rl ie^lj^ ; t : 
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: ; phase; ^ 

introducing through^v rerctipri^t^ the expected sequence one at a 

; time; usi as; ac^ye fw^ anhydrides or a corresponding ester, after 

having protected^ reactive functional groups jn the side : 

chain, rempying ithe as formed : peptide from th^ire^ it. 

2. process; for prep^ in that said conjugate is prepared by 

the: conjugation between i a isyhtheti one of the following amino acid sequences: 



. : t 

: H^ln-Pii€^Ile-Lys|A »f % ' 

. .^H^lri-Tyr^^ 

; I- arid a natural or ^nthetic pejf^ 
& Process avoiding to claim 2; w^ 

4/ : Process accbrdinig t6;; bi^inn - ] 3: ; wherein the hapten is a ipplysarch liSerivetf from 

;f : Pneumpcocci 

5.; Process^ a 

; | - : f: : ;/ ; yi^xf ;v : ;|: :-;:7 : ;;'\- : :!;| p:--;^:' :•; 

: : : . x-;: : .: whiere^ h is between. 3 arid '40;-"- . . ;7 % !:-■--. v' :;;:: ; ;:;7- :: ;Y:;C '■: ; -: I. :: >: : 

46- 6. "I Prbce^ f6r pre 

; ; ■ a -pathog^ agent whfqh : is not genetically restricted- or : is only slightly geheticaJfy resWcted, 

7. characterized by = combining ^ tpgetfier a) an immunplogically effective qu^tity of the conjugate ^epared; 
: : r : according to claim 2 ^nd b) :a p^ possibly ; an adjuvant. ; ; 

v ; man towards Plasmodium falciparum which; is nqt genetically restricted or is! only slightly genetically 
: res^c^; icpmpri^ 

: . : - . - V- p! a ' m = : X -'M: : : >. ; ;:•;.. i;- <" ;■; : ;V- : . ■ ; . ,i !■ :!:': !- ': - .- = . V '. ' . ,, : \ _ ■ : , " % C„ I' ... ■ . : :\.V ■ .\ ■ , ■' i : .i 1-;. ."' 
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Patentanspriiche ' 7 -x - 1 • ' ; : : 

Patentanspriiche 

1. Syhthetische, zum lridu2iereri^;d 

5 denen Mblekulert desihumahen Histokom v 
stehenden Aminosauresequeriz: 

' H^ly^Iu-Ile-^ly-^ '. 

H^ln-Tyr^ile-LysrAl^ 
- ^ • H-lys^Ala-Asn-Ser^iyW^ 

H^ln-Tyr-IlerLys^A^ ' ?7 

H^l^Phe^Ile/^ 

\,^ln|Tyr^li 

2. JhhmunbgenessK^ natUrti^:;: • 
V ches pder synthetis 1st; das yqh ein^ 

den pathcjgenen; Mittel abgeleitet 1st, worin j dieser ; iPepticttrager die nachstehende • 
"'35 aufweist: : " : ; V-VV - '-. iv-ix'A '-^y - - V'-- "- ^^.X:-:*} i : : %;W V -i:'' 



H^la-Tyr-Ile-Lys-A^^ 

H^lrt-Tyr^I Ie«^Ly s- Ala-Asn-S$r^Ly s^Phe-ll^Iy-ILe^OH ; , 'f 
H^in^la^U^ 

K^lo-Tyr^Ile-L^^ 
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3. Immunogenes Konjugat nach Ahspruch 2;^ 

4. Immunogenes : Konjugat nach: Anspruch 3; worin : das I Hapten ; ;e^ 
Haemophiius ;in1luen2ae r Escherichia coli und^ h 

5 ist. '"' '- : •• • >^ •.. :: . : "v. . - - - A- 

5. Immunogenes Konjugat nach Anspruch 2; woirin das Hapten ein:; sy hthetisches Peptid mit der Sequenz: 
H-(Asn-Ala-Asn-Pro) n -OH ; 

ist, worin n einen Wert von 3 bis 40 aufweist. 

6; Immunogenes Konjugat nach Anspruch 2;;!da^ 

die zum Induzieren einer protektiven Aritiko rperantwori gegen^ pathogerien 
75 Mittel befahigt sind, welches Konjugat nicht; oder nur gen^ 

7. ; Immunogenes Konjugat nach; Anspruch 5^ 
; zum: Induzieren einer protektiven Anti^^ 

sachten Infektionen befahjgt ist, welches Konjugat riicht oderrtur geringfQgig genetlsch beschrankt istil : 

8. SynthetischeV z^ 

■ • pathogenen Mittel befMhigte; Vaccine; welcfie : h 
umfassend (a); eine immunologisch wirksame 

(b) : eiri physiologisch annehmbares Medium, sowie gegebenenfalls (c) ein Hilf smitte). ; ; 

: Syhthetische; zum ; lhduziereh : e 
iim; fa!cipawrri ; b^ 

: umfassend eirie immunoibgisch:;^ des in Arispriich 5 beans^chten to 

30 Patentansprtiche fUr f olgende Verttagsstaaten : ES, GR i . 

: i ; Th-Lymphozyten in Association mit verschiedehen Mo 
; kpmplexes befahigt sind, mit der f olgenden ; Aminos 

H^ln-Tyr-ilerLys^ ;.-;;;'. • 

•.H^in^tyr-lie 
•H-Lyis-Ala^Ash^ 
• H^In-Tyrriie-Lys-Alafr 

xH-^in-Tyr-II^ : . 

H^l^-Ala^I^ 
H^In-Phe-Iie^ 

; dadurch gekennzeichnet; ; daB es die ; : Stiifeh ; ; des Sytithetisierens ; des ; : angestrjBbten; ■ ; sy nthetischen! 
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Peptidsin fester Phase in einem automatischent Synthesizer in^ 
Polyacrylamidharzes durch EinfOhreh der die erwartiete Sequenz ausbildehden 7^ 
der anderen, durch eine Acylierungsreaktion; unter^ 
Anhydride pder elnes entsprechendeh festers; ais ^ 
5 gen Gruppe, sofeme vorhanden, und der rekktiven funktionelleri Gruppen in der : Seiteritotte;; | ein 
Abtrennen des solcherart gebildeten Peptids von dem Harz und ein Reinigen des PepM^ 

2. Verfahren zunrv Herstellung eines immunog^enen Konju 

gat durch die Konjugation zwischen einem synthetischeh PeptidtrSger mit einer der folgehden Amino- 

io sauresequenzen: 



H^lyHSlu-Ile^Iy-Asn-Aspr^ 
75 .. • ■ H^ln-Tyr-Il^Ly s-Ala^As^ 

H^ln-Tyr-Ile-Lys-Aia-Aarij-Se^ 

• ^^^^^ 

H^ln-Ty r-I le-Ly s-Ala-Xs 

-■^Ji^iri-Tyr-lU^ 

■ H^In-Ty r-I le-Ly s- Al'a-Al^ 
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?:ur^ 

35 rehden pathogenen ; Mittel abgeleitet ist, tiergestellt wird. 

3. Verfahren nach Anspruch 2, worin das Hapten von Wen dder Bakterien at^eleitet ist^ ; 

40 influenzae, Escherichia coli und h§moiytisc^ 

5. Verfahren nach Anspruch : 2; wprin das Hapten ein synthetisch^ Se^uenzC ;> 

• H^Asn-Ala-Asn-Pro) n -OH p W. W : ; 

vist* '. worih ■ h eirien .Wert von . 3 )bis /K) aufweist : ; ; 



: 45 



i ; ahtwort beim Menschen ge^npjb^ 
: SB ; y :; riur ^ 

immunbiogisch wirksarhen Merige ^es n^h Anspruch ^ 
: j'gisch annehmbaren Medium und gegebenenf alls c) eine Hilfsmittet 

^:;;i;V^ 

sis ■ : ; ; Ahtikorperian^ort :: beim ; Mehschen ^ befahigt isjU: Vaccine 

nicht oder nur geringfUgig genetisch beschrSnkt ist, umfassend eine : immunologisch wjrksame Menge 
des nach Anspruch 5 hergestel Jten Konjugats. . 
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Revindications ; V 

Revendications pout les Etats contractants sulvants : AT, BE, CH; DEi R?|G^ U 

1. Peptides synth&iques cajpables de provoquer la proliferation de lymphocytes Tfy 
tion avec difterentes molecules du complexe majeur d'histccompatibil^ 

des sequences suivantes d'acides amines : 

H-Gly-Glu-ne-Gly-Asn-Asp-Pro-Asn-Arg-Asp-ne-I^u-OH 
H-Gln-Tyr-Ile-Lys-Ala-Asn-Ser-Lys-Phe-n 
H-GlnVTyr-He-Lys-Ala-Asn-Se^ 
H^Lys-Ala^ 
H-Gln-Tyr-Il^ 
• H-Qln-Tyr-He-^ 
H-Gbi-^ 

H^Gln-Phe^Ife-Lys- Ala- 

H-Gln-1^ ; 
" . ' H-Glri-f^-Be^ 
■ ■; H-Gln^y^^ 

2. Conjugu§ immunpg^ne coristituf d'un peptide ^ a un 
hapt§ne r peptide synt^ polysaccharide, d£r^ agent pathog&ne int£ressant, 
dans leiquel t^ciit peptide support p^ d -acide$ amines; : ; -f • 

r H-Gln-Tyr^ 

•• ;-;' : ;; : H.Gi^ 



3l ; Corijugu6 jmmuhogfcne ; conforme ;a : : la reyendicatioh 2- dans lequel Phaptdrie d&ive ; de -vims cf^'lV ;• 

bart6ries ; : -; : ■■ ■ .■■ • - : " ; . .'v Y^'l^Zi 1 :. i?'4<.'.i^}. . ..... ;;3; : ' : .;..! •' § : 

4. Conjugu^ immunog&ne conformed la reviendicatiph: 3; idanis lequel rhapfene est une ; moi^ctije de 
: -: : polysaccharide d<§ri v6 de pneumocoques; de m<§rii^ d'Haemophiius inflMenza^^ 

; ' i- coll , pu cie streptbcoqiies h^ molytiques. . . V :' vi ; : : -if 'i^v 



25 



EP 0 378 881 B1 



5. Gonjugu6 immunog^ne confow 
pr£sentaht la sequence : 

H-(Asn-Ala-Asri-Pro)„-OH 

dans laquelle n vaut entre^et 40. 

6. ConjuguS immunogfene conforme h la revendication 2, utile: pour preparer des vaccina synth&tiques: 
capables de provoquer eh nSponse la production d'anticorps protecteurs cdntre un agent j^thogfehef^^i y 

to interessanti r^ponse qui ne soit pas g£hetiquement limine ou ne le soit que peu. 

7. Conjugal immunogfene conforme k la revendication 5, utile pour preparer un vaccin :;:^timalarique : 
capable; <fe provoquer en rgponse la production d'anticorps protecteurs contre des infections causSes ^ 
par Plasmodium ■ falciparum; reponse: qui ne soit pas :g6ndtiquement limitSe qu h^ 

8. Vaccin synth^tique;; capable de provoquer en rdpbnse • chez Vhomme la production d-antic^^ 
teUrs ! cohtre un : age soit pas g^n^liquement H 

soil que peu; et cbmprenaht (a) une quantity immunologiquement efficace d'un conjugu^ cohfom^ 
revendication 2 et :(b) un milieu physiologiquement acceptable, ai nsi qu^ventueliement (c) un : adjuyant. 

9. Vaccih; antimalarique synth^tique, capable de provoquer en reponse ctiez rhomme la production ; 
d'antjcohps protecteurs jcpntre des infections causes par PlasmcKiiurrv falcipa^ 

pas : gSnStiquement lirhitde ou ; ne le • soit que peu, et comprenant u^ 
efficace dulcpnjuguS .conforirie,&Ja_w 

Revendications pour les Etats contractants sulvants : ES, GR 

: 1; > : Proo6d6 d£ preparation de peptides ; synthStiques capables dei provoquer la proliferation de lymphbcyf ; 

tes Th humains en associatiph ayec difif^rentes molecules du complexe majewr r d'hi^ocompatibiiite i ; : : v 
30 humain.et: prSsehtant ruhe desr^querices suivantesd'acides ■amines : ::jV 
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HrGlY^GliirDe-Gly^ A^n ; . 

':.;:;'• - HrGta^ '^t' : E:: 

H-Gln-Ala-lle-Lys-AJa-Asn r 

45 H-Gln-^i>n^^ 
'■■ H^Gln 

-- ;; -: : ' ; -:^ 

: proc£d6 caract6ris§; en: be qu-il comporte les Stapes corisistant h syhthStiser le peptide synttetique 

; (amide du comrnerce, eh ihtroduisaht un par un, par un? reason d'acylatiqn, les acides amines 
form : vouiuej eh :utilisant; cpmme : forme acti 

;; 55:; : un;iiester;c^ 

groupes fqnctionhels niactifs situd>s dans iia ■ chaTne ! iat^rale, ^ s^parer le; peptide fbrmS:de Iai:r6s!he et ; 4: 
; l. le purifier • : _ • ' " • : ; : ;./••• : - • : ; , • • : • ;. . : : '/ ,:.x .• V, •• . .• ,. " ... : .• 'p') &> /.^4^\^;W1 v' : W : :' V : ^h-^J- 
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2. Proc6d6 de preparation d'un cpnjugu^ inrirnunogene; caracteVise" en ce que ron ; prepare ce cqnjugu6 
par conjugaison entre un peptide :synth§tique support pre*sentant I'une des : sequences suivantes 
d'acides amines : 

H-Gly-Glu-De-Gly-^ 
H-Gln-Tyr-Ile-Lys-Ala-Asn-S 



H-Gln-Tyr-Ile-Lys^ 

H-Lys-Ala-Asri-Se^^ 
15 H-Gln-Tyr-Ile-Ly^ 
> ' H-Gln-ltyr-Il^ 

H-Glii-Alarlle-^ [XHy- 
20 H-Gln-Phe-Ile-Lys-A^ 

H-Glh-Tyi^nerLys-Ala^ : ; 

H-Cjln-Tyr^ 
25 H-Gln-Tyr-He*^ 

et un haptene, peptide synth 
V' " ' "■ ■ inteVessant. [ \ : ;;;: ; :'] : -': : - /• : • ^ : '-':S : -: : ■■■■ \V;-:" : -. i;.,:/: ' ^^-y-^^y-' . . : y" -H : y 

■30 : 3. Proc6d6 cpnf orme a la revindication 2, dans : iequel Thapterie derive de virus bu de} bacteries: : • • : 

; : i 4;: Proc§d§ oonforme a^j 

; derive" de pneumocoques; de^ 
streptocoques h^rribiytiques: -y'.'. 

5. Procdd§ conforme £ la reyendication 2, dans - lequeli; I'hapfenie i est : yn; peptide!: synth^tique pre*sentant la: 
■ sequence : '■ '. :'\ "" : ' / V; A : ; . : "-y y " y^'- ":• ' ' ". •' :: ' )y •• y :: yyy' l :y ' 

H-{Ash- Ala-^n-Pro) n -OH; ; 

dans laguelle n yaut entre 3 et 40. 

: 6; ; P^ r£ponse ; chez ■: I ■ hon^^ 

i:p 

: 45 ; ; i : g^n^iquement: ; lirw combine i ■ ensemble ;i:(a) ; ;iune| 

i; ;^ 

physiplbgiquement acceptable^ a iqu f ^yehtuetie^ un adjuvant • 

so : rhornrne la production d'anticprpis : protecteyrs centre; des m^ 

irurn, ii§pbrise qu cpmpreharit uneiqyan 

^irhmw dy cbnjuguf pr£pan§ selpn; la revendic^ 
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